Objective: To evaluate the impact of implementing continuous quality improvement (CQI) methods on patient's experiences and satisfaction in Tanzania. Design: Cluster-randomized trial, which randomly allocated district-level hospitals into treatment group and control group, was conducted. Setting: Sixteen district-level hospitals in Kilimanjaro and Manyara regions of Tanzania. Participants: Outpatient exit surveys targeting totally 3292 individuals, 1688 in the treatment and 1604 in the control group, from 3 time-points between September 2011 and September 2012. Intervention: Implementation of the 5S (Sort, Set, Shine, Standardize, Sustain) approach as a CQI method at outpatient departments over 12 months. Main outcome measures: Cleanliness, waiting time, patient's experience, patient's satisfaction. Results:: The 5S increased cleanliness in the outpatient department, patients' subjective waiting time and overall satisfaction. However, negligible effects were confirmed for patient's experiences on hospital staff behaviours. Conclusions: The 5S as a CQI method is effective in enhancing hospital environment and service delivery; that are subjectively assessed by outpatients even during the short intervention period. Nevertheless, continuous efforts will be needed to connect CQI practices with the further improvement in the delivery of quality health care.
Introduction
Many developing countries face many difficulties in providing quality health care due to severe resource constraints such as budget, personnel, medical supplies, equipment and technologies. It is inevitable for them to improve operational efficiency in healthcare management. There is now increasing attention to continuous quality improvement (CQI or 'Kaizen' in Japanese) methods in health care to achieve maximum gains at minimum cost in resource-limited countries [1] . There are multiple sources of literature, documenting the concepts of CQI such as Lean thinking and its lessons-learnt based on actual implementation of CQI methods at healthcare facilities [2] [3] [4] [5] .
Amongst the CQI methods, the 5S approach is a work environment improvement tool that consists of a set of five actions, (i) Sort-to remove all the unneeded items from the workplace; (ii) Set-to order needed items in the correct place so that working process can be efficient; (iii) Shine-to sweep, wipe off and clean the workplace; (iv) Standardize-to maintain a proper environment after the first three S (Sort, Set and Shine); (v) Sustain-to make a habit of properly maintaining established procedures with self-discipline and commitment [6] . The 5S aims at systematically reorganizing activities especially in resource-limited settings and creating a conducive work environment that is clean, organized and efficient [7] . The 5S is now widely spread in the healthcare sector in Asian and African countries following a global movement towards outcome-oriented and client-centred health care. In particular, the 5S was officially adopted as a national strategy in the health sector in Sri Lanka and Tanzania [8, 9] .
Tanzania is one of many Sub-Saharan African countries who severely suffer from limited health resources for decades. The 5S was first introduced in Tanzania for improving healthcare management system in 2007. After the 5S was successfully implemented at Mbeya Referral Hospital as a pilot case, Ministry of Health, and Social Welfare of Tanzania (MoHSW) decided to scale it up to the other regions [9] . At the time of 2011, the 5S was introduced to 37 hospitals in Tanzania.
The 5S has long been believed to improve operational efficiency in healthcare provision. A conceptual hypothesis suggests that the 5S functions as a starting point or 'ground-cleaning' tool prior to more detailed CQI processes [3, 10] . Several studies examined the effects of the 5S on managerial, clinical or patient-reported outcomes [11] [12] [13] . Nevertheless, there is almost no rigorous experimental study such as a randomized controlled trial to scrutinize the effectiveness of the 5S in the healthcare sector. Moreover, there is scarce evidence on the impact of CQI methods in developing countries. In this regard, we attempted to show the effectiveness of the 5S approach as a CQI method in improving patient-level outcomes in Tanzania.
Methods

Setting
A cluster-randomized trial was applied to examine the causal effects of the 1-year 5S intervention between September 2011 and September 2012. The trial targeted 16 district-level hospitals in Kilimanjaro and Manyara regions of Tanzania. The trial was carried out as an operational research in the Japanese aid-funded technical cooperation project, namely, 'Strengthening Development of Human Resource for Health in Tanzania'.
Kilimanjaro and Manyara regions are located in northern Tanzania with a population of~1.6 million and 1.4 million, respectively. These two regions were selected as a study site among total 30 regions in Tanzania because there were no planned health-sector CQI projects or related studies by the other agencies during our trial period. Totally, 16 district-level hospitals, 10 in Kilimanjaro and 6 in Manyara, are located in two regions. All of these 16 hospitals were included as a study sample for the trial. Prior to the trial, we obtained ethical approval for running this trial from the ethical committee under the MoHSW through the National Institute of Medical Research of Tanzania (NIMR).
Hypothesis
A conceptual framework of the trial is shown in Fig. 1 . It explains the causal mechanism of how the implementation of the 5S leads to the improvement in patient's experiences and satisfaction. Many hospitals especially in rural areas of developing countries suffer from a disorganized working environment due to the lack of budget, human resource and managerial discipline. Motivation, morale and productivity of hospital staff tend to be low and the system of service delivery does not function well. In such an environment, the health workers may treat patients badly or make a serious mistake during diagnosis or treatment. The 5S can improve the working environment by removing unnecessary items from working spaces (Sort), ordering needed items in a proper position (Set), and cleaning up rooms and facilities (Shine). Then, the 5S can make the working place more organized and efficient by reducing unnecessary workload, reorganizing working processes (Standardize) and maintaining proper environment and work procedures (Sustain). As a result, hospital staff can spend less time for searching necessary items and reduce process time to provide services. In a conducive working environment, motivation, morale and productivity of the staff will be higher, and their responsiveness to patients will be improved. Implementation of the 5S can also establish an active and highly committed team and create the foundation of hospital organization that can provide high quality of health services. In terms of patientlevel outcomes, they can benefit from clean hospital environment, less waiting time, friendly staff attitude, and better diagnosis and treatment. Finally, their satisfaction level and overall rating towards the hospital will become higher.
Sampling
We evaluate the effects of the 5S approach at district-level hospitals using outpatient exit surveys. The sample size for outpatient exit surveys was calculated based on the following assumptions: significance level = 5%; power = 80%; effect size = 0.36; number of clusters = 16; and intra-cluster correlation coefficient = 0.05. As a primary outcome variable for the evaluation, we used a patient's satisfaction rate on healthcare services. Under these assumptions, for instance, satisfaction rate in the treatment group at 77.8% compared with control group at 60% can be detected.
Following the above assumptions, a minimum sample size was calculated as 65 individuals per cluster, i.e. 1040 in total (65 persons × 16 clusters). Based on the calculated number, we tried to sample out at least 65 outpatients per hospital for each survey period. As a result, actual sample size became 1101, 1118 and 1073 for the baseline, midline and follow-up, respectively. The survey was only conducted when a verbal consent by selected individual was given. All the surveys at baseline, midline and follow-up followed the same sampling procedure. 
Randomization
The 5S intervention was randomly allocated among 16 district-level hospitals. We uses a stratified block randomization, in which we stratify Kilimanjaro and Manyara regions considering the heterogeneity of geographical characteristics that may affect outcome indicators and attempt to balance the number of hospitals from each region in both treatment and control groups. Masking of the intervention to hospital representatives was not possible because of the nature of the trial. Nevertheless, outpatients to the hospitals did not know about the trial.
Interventions
As a result of the randomization, eight hospitals were allocated into the treatment, and the other eight were in the control. After the randomization, all the hospitals belonging to treatment group received the 5S intervention for 1 year from July 2011 to July 2012. The control group hospitals did not receive any intervention until July 2012. The 5S interventions consisted of three types of activities, (i) training of trainers on the 5S, (ii) 'consultation visit' to each hospital and (iii) 'progress report meeting'. The project team carried out those activities.
First, the training of trainers was conducted in July 2011. Key personnel from treatment group hospitals were invited to participate into the 5S training for 1 week. Theoretical basics and methodologies of the 5S were taught during the training. All participants were instructed to follow each step outlined in the 5S implementation guideline, which had been issued by the MoHSW. After the training, a Quality Improvement Team (QIT) and Work Improvement Teams (WITs) that function as an implementation structure were established in each treatment group hospital. Those teams were expected to serve as a catalyst to create a positive change by introducing the 5S at the workplace [9] .
Second, 'consultation visit' was made by the project team to all the hospitals in the treatment group to monitor and assess the progress of the 5S implementation during January 2012. At each visit, the project team provided technical advice on how to practice the 5S activities in a correct way.
Third, the project team organized 'progress report meetings' by inviting representatives from treatment group hospitals in May 2012. It aimed to confirm the progress of the 5S implementation at each hospital and to share knowledge and experiences among hospitals in the treatment group.
Data
In order to measure the effects of the 5S intervention, we conducted three rounds of cross-sectional outpatient exit surveys, at baseline (September 2011), at midline (February 2012) and at follow-up (August 2012). In Tanzania, 80% of patients attending health facilities visit Outpatient Department (OPD) [14] . Therefore, measuring experiences and satisfaction by patients visiting OPD will be quite relevant to assess the quality of health care in Tanzania. The surveys ask questions on patients' assessment in the area of cleanliness, waiting time, staff's behaviour and overall satisfaction. The questions regarding patient's basic characteristics, i.e. sex, age and educational attainment (no formal education, primary, secondary and college/ university), were also included in the survey for the purpose of checking the balance of the sample between treatment group and control group.
Questionnaires were developed based on the extant literature review on patient's experiences and satisfaction. In principle, patient's experience or satisfaction data cannot capture the absolute level of healthcare services. Instead, we employ a wide range of indicators based on patient's direct experiences and subjective assessment to capture the quality of OPDs because quality of health care is a complex and multidimensional concept [15] [16] [17] [18] . The questionnaires were originally made in English and then translated into Kiswahili.
Statistical analysis
Our primary interest is to assess the causal effects of the 5S implementation by randomly allocating 16 hospitals into treatment and control groups. The strategy is to compare outcome indicators by treatment status at baseline, midline and follow-up time-point within a year. All the statistical analyses were carried out using patient-level data. We employed ordered logistic regression models with clustered robust standard errors to control for hospital-level clustering effects.
Outcome variables
We applied the following outcome variables to assess hospital performance. Answer from each question was a multiple point Likerttype scale.
Cleanliness
It measures patient's subjective assessment of cleanliness at four different places at the hospital: (i) OPD totally, (ii) walls at the OPD, (iii) windows at the OPD and (iv) floors at the OPD and (v) toilet. Cleanliness variables were constructed from answers to four scaled response questions; 'Very clean' = 4, 'Fairly clean' = 3, 'Not very clean' = 2 and 'Not at all' = 1.
Waiting time
It measures patient's subjective assessment of waiting time at four different places: (i) OPD, (ii) consulting room, (iii) laboratory and (iv) pharmacy. We used answers to five scaled response questions; 'Very short' = 5, 'Short' = 4, 'Average' = 3, 'Long' = 2 and 'Very long' = 1.
Patient's experiences
It measures patient's direct experiences when receiving diagnosis or medication at the OPD by asking 10 different questions. Answers to each question are three scaled; 'Yes, definitely' = 2, 'Yes, to some extent' = 1 and 'No' = 0.
1. If the patient had enough time to discuss their health or medical problem with a health worker. 2. If the health worker explained reasons for any treatment or action in a way that they could understand. 3. If the health worker listened to what a patient had to tell. 4. If the patient received answers that they could understand if they had important question to ask the health worker. 5. If the patient had confidence and trust in the health worker examining and treating patient. 6. If the health worker explained the reasons to the patient why they needed any test in a way they could understand. 7. If the health worker explained the results of the tests to the patient in a way they could understand. 8. If the health worker explained to the patient how to take the medication.
9. If the health worker explained the purpose of medication in a way they could understand. 10. If the health worker told the patient about side effects of medication to watch for.
Patient's satisfaction
It measures patient's overall satisfaction after visiting a hospital by asking two questions. Answers to the first questions are three scaled; 'Yes, completely' = 2, 'Yes, to some extent' = 1 and 'No' = 0. Answers to the second question are six scaled, 'Excellent' = 6, 'Very good' = 5, 'Good' = 4, 'Fair' = 3, 'Poor' = 2 and 'Very poor' = 1.
1. If the main reason a patient came to the hospital was dealt with to their satisfaction. 2. How high a patient rates the care that they received at the OPD. Table 1 presents mean scores of the outcome variables as well as patient's basic characteristics by treatment status at baseline, midline and follow-up time-point. Statistical significance of the mean difference between two groups, which was obtained by bivariate ordered logistic regressions, is reported in the right-hand column as stars (*P < 0.1; **P < 0.05; ***P < 0.01).
Results
Looking at the results for cleanliness, at baseline, there was no statistically significant difference in any of five variables, i.e. from (i) OPD to (v) toilets, between treatment and control groups. At midline, a mean score of window's cleanliness in treatment group became higher than control group (P < 0.1). Notable results were obtained at follow-up. All the cleanliness variables in the treatment group took higher scores at the <10% of significance level (except for (ii) walls), indicating that the 5S implementation had a positive effect in improving the cleanliness of target hospitals.
Regarding waiting time, at baseline, there was no statistical difference in any of the variables by treatment status. At midline and follow-up, mean scores of waiting time at the consulting room and at the pharmacy became statistically and significantly higher in treatment group than in control group. These results are consistent with the previous researches that show the reduction in lead-time at hospitals as a result of CQI practices [19] . Nevertheless, waiting time at the OPD in total and at the laboratory did not differ significantly between two groups. These results suggest that it is easier to reduce lead-time at consulting room and pharmacy by introducing the 5S approach compared to the OPD and laboratory.
Turning to patient's experiences, there were statistically and significant mean differences between treatment and control groups for the variables '(i) Enough time to discuss', '(iii) Listen' and '(vi) *P < 0.1; **P < 0.05; ***P < 0.01 based on bivariate ordered logistics regression analysis. Reason for test' at baseline. At midline, three variables, '(vi) Reason for test', '(vii) Result of test' and '(ix) Purpose of medication', were assessed better in the treatment group than in the control group, with a statistical significance (at least P < 0.1). At follow-up, the mean difference in most of the patient's experience variables became statistically insignificant, and even a negative impact of 5S implementation was confirmed for '(vii) Result of test'. These results indicate that hospital personnel showed better performance in several duties at midline. Nonetheless, their better performance did not last long. As a result, the statistically significant and positive effects of the 5S on patient experiences diminished at follow-up. Finally, as to patient's satisfaction, (i) satisfaction and (ii) overall rating did not show a significant difference between two groups at baseline. At midline, both satisfaction and overall rating score at treatment group hospitals became significantly higher compared with control group. At follow-up, overall rating score in treatment group remained significantly higher than control group (P < 0.1), although no positive effect was confirmed for the satisfaction variable. These results suggest the 5S consistently raised patient's overall rating throughout the 5S implementation period within 1 year. As to the statistically insignificant effect on patients' satisfaction at follow-up, one possible explanation is that patients' expectation towards hospital performance rose up among treatment group hospitals. In this study, we measured patient's satisfaction by asking 'If the main reason a patient came to the hospital was dealt with to their satisfaction.' Therefore, if patients become accustomed to better hospital environment, their required level of satisfaction will be raised up accordingly. As a result, they become less likely to be satisfied with hospital environment or services as before.
To check the robustness of the above statistical results, we conduced multivariate ordered logistic regressions by including patient's basic characteristics (female dummy, age and education level) as control variables. Then, we obtained consistent results. We also report the distribution of outcome variables by treatment status at each survey time-point in Table 2 (cleanliness), Table 3 (waiting time) and Table 4 (patient's experiences and satisfaction).
Discussion
This paper originated from a question whether or not CQI methods, which have a long history of practices in a manufacturing sector, exert a positive impact on the quality of health care provided at hospitals. We evaluated the impact of the 5S approach as a CQI method that was implemented at district-level hospitals in rural Tanzania during September 2011-September 2012. As a research design, we applied a cluster-randomized trial, whereby all the 16 hospitals in Kilimanjaro and Manyara regions were randomly allocated to either treatment group or control group.
The statistical results suggested the 5S implementation successfully improved hospital's cleanliness, waiting time and overall rating assessed by patients at the outpatient department. For instance, hospitals allocated into the treatment group had a statistically significant and higher overall rating score at both midline and follow-up than those in the control group. These results support a conceptual hypothesis that the 5S leads to the improvement in patient's overall satisfaction by improving working environment and operational efficiency in hospitals.
Nevertheless, the effect of the 5S on patient's satisfaction was not strong. One possible reason for this result is related to the nature of the intervention. In this trial, the 5S methods were introduced into hospitals in the treatment group through 'training of trainers', whereby a small number of representatives from each hospital attended an intensive 5S training course. Then, they brought back what they had learned in the training to their hospital. In this sense, it depends on motivation and ability of these 'trainers' or upperlevel hospital managers how the 5S is disseminated into each hospital. If it is not successful, the effects of the 5S intervention will be minimum or null. Because we did not assess the implementation process of 5S at the hospital, further efforts will be required to assess how the 5S was introduced and disseminated at each hospital. Alternative explanation relates to relatively a short intervention time period. We assessed the impact of the 5S implementation over 12 months due to the nature of the project. Nevertheless, it seems to take a longer time for the 5S to exert more visible effects on the improvement in quality of healthcare practices. Thus, potential effects of the 5S, particularly those on better health care, might not be observed in a 1-year trial. Therefore, further studies would be required to detect the longer impact of the CQI methods by spending more time on the 5S implementation.
In conclusion, our trial will be a valuable benchmark for further research on CQI methods in health care particularly in resource-limited countries because almost no scientific evidence had been presented on the causal effects of the CQI methods. To our best knowledge, this is the first cluster-randomized trial to examine the impact of 5S approach as a CQI method in the healthcare sector in developing countries. Our results demonstrated the effectiveness of the 5S approach in improving patient-level outcomes by ameliorating work environment and operational efficiency at rural hospitals in Sub-Saharan Africa even during a short period of time. Continuous efforts will be needed to connect CQI practices with the further improvement in the delivery of quality health care.
Now that an increasing number of CQI methods is undertaken in the healthcare sector in developing countries, more strategic use of them based on scientific evidence will be favoured. In this regard, findings and lessons-learnt from this trial will be valuable to encourage frontline healthcare workers in improving hospital environment and healthcare services by CQI practices particularly in resourcepoor settings.
